and the §Institute of Occupational Health, Helsinki, Finland SUMMARY The concentration of ferritin was measured in the pleural fluid of 108 patients with pleural effusions. In all groups of patients the ferritin concentration was higher in pleural fluid than in serum. The greatest differences, with up to 100 times more ferritin in the pleural fluid, were found for patients with rheumatoid pleurisy, malignant effusions, and empyema. In patients with non-malignant inflammatory pleural effusions the concentration of ferritin in pleural fluid correlated significantly with other pleural fluid indices of inflammation: there was a positive correlation with lactate dehydrogenase activity and a negative correlation with concentrations of glucose and complement components C3 and C4. Ferritin was detected immunocytochemically only in the macrophages found among the pleural fluid cells.
Ferritin, an iron storage protein with a molecular weight of about 450 000, in apoferritin form, is found mainly in the liver and in cells of the reticuloendothelial (mononuclear phagocyte) system. In healthy adults the concentration of ferritin in serum is positively correlated with the iron stores in the body. ' Determination of serum ferritin is useful in the diagnosis of iron deficiency anaemia and iron overload-for example, haemochromatosis. Increased serum concentrations of ferritin have been found in patients with severe liver disease-for example, patients with alcoholic liver disease,2 and viral or drug induced hepatic necrosis.3 High concentrations of serum ferritin have also been reported for patients with malignancies, particularly those with cancer of the breast, lung, pancreas, or liver, but also for some patients with leukaemia and Hodgkin's disease. '4 In the inflammatory response ferritin possibly behaves as an acute phase protein57'; in rheumatoid arthritis, concentrations of ferritin in synovial fluid have been found to be increased when compared with serum values.8
Accepted for publication 5 February 1985 This study was undertaken to determine the diagnostic value of measuring the concentration of ferritin in the serum and pleural fluid of patients with pleural effusions caused by different diseases. Biochemical and immunological measurements of inflammatory activity in the pleural cavity were correlated with the results of ferritin assays in order to elucidate the pathogenetic events of pleural effusions.
Patients and methods
One hundred and eight patients with pleural effusion were studied. Paired samples of serum and pleural fluid were collected from 70 patients, and for the remainder only pleural fluid was studied. The cause of the pleural effusion was determined for each patient from clinical, laboratory, and radiological findings. The patients were divided into groups on the basis of their final diag oeis (Table 1) Pleural fluid was analysed cytologically and stained and cultured for the presence of bacteria, including M tuberculosis. For measurement of ferritin concentration blood and pleural fluid were collected on the same day. After centrifugation the serum and pleural fluid were stored at -20°C until assayed. Ferritin was measured by an immunoradiometric method (Ramco Laboratories Inc, Houston, Texas)'"0 with human spleen ferritin as the standard. Recovery of spleen ferritin added to pleural fluid samples was 93-118%, mean 108% (n = 6). Dilution curves of pleural fluid samples paralleled those of the standards, which indicates immunological identity of pleural fluid and spleen ferritin in the assay. The reference values for the concentration of ferritin in serum were ,ug/l for women and 40-240 ,ug/l for men. Because of differences between men's and women's concentrations of ferritin, the results are presented separately.
Immunocytochemical visualisation of ferritin in pleural fluid cells was performed using an immunoperoxidase technique. ' pleural fluid were as follows: men with rheumatoid arthritis had significantly higher concentrations than men with non-specific pleural effusions (p < 0 05) or pneumonia (p < 0-01); men with empyema had significantly higher concentrations than men with non-specific pleural effusions (p < 0.05); and men with cancer and signs of liver metastases had significantly higher concentrations than men with non-specific pleural effusions (p < 0-05), tuberculosis (p < 0-001), pneumonia (p < 0.05), or cancer of the lung without liver metastases (p < 0-05). Table 4 shows the clinical data, serum and pleural fluid ferritin concentrations, and other indices of inflammatory activity in the pleural fluid of nine patients with rheumatoid arthritis. High pleural fluid ferritin concentrations are associated with increased lactate dehydrogenase values and low concentrations of complement components in the pleural fluid. Table 5 shows the relation between the ferritin concentrations in pleural fluid and other laboratory indices of pleural inflammation in men with nonmalignant inflammatory pleural effusions-that is, patients with tuberculosis, pneumonia, rheumatoid arthritis, systemic lupus erythematosus, and nonspecific pleural effusions. There was a highly significant correlation (p < 0.001) between the concentration of ferritin and lactate dehydrogenase activity and an inverse correlation between the concentrations of ferritin and complement component C3.
Immunocytochemical staining of ferritin in pleural fluid cells showed strong positive staining in vacuolated macrophages (Fig. 3a) , whereas mesothelial cells, granulocytes, and lymphocytes were not stained for ferritin. Fig. 3b shows the absence of specific staining in a cell preparation in which primary rabbit antiferritin antiserum was replaced with an antiserum absorbed with purified Determination of biochemical, immunological, and cellular variables in pleural fluid has helped in both the diagnosis and understanding of the pathogenetic events of exudative pleural effusions. '4 In the present study the concentration of ferritin was higher in pleural fluid than in serum for all the groups of patients, including patients with transudative effusions caused by congestive heart failure. The concentrations of ferritin in the pleural fluid were four to one hundred times higher than values in the blood, the greatest difference being for patients with empyema, cancer, or rheumatoid arthritis. Although there are reports of increased serum ferritin concentrations in patients with some types of cancer, 4 we did not find significantly higher values in patients with cancer of the lung when compared with patients who had inflammatory lung diseases. Measurement of ferritin concentration in pleural fluid, however, gave some hint of the diagnosis of malignant pleural effusion. Patients with cancer but without liver metastases had high concentrations of ferritin (above 1000 ,ug/l) in pleural fluid; such high values were found for two thirds of the men and one third of the women. Furthermore, patients with cancer and with liver metastases had even higher ferritin concentrations in pleural fluid. The turnover and metabolism of ferritin in effusions is poorly understood. A delayed diffusion of locally produced, high molecular weight ferritin from pleural fluid into the circulation could account for the high ferritin concentrations. In acute infections and inflammatory conditions the redistribution of iron from plasma and red blood cell compartments may result in an increased synthesis of ferritin by the stimulated reticuloendothelial cells. In addition, ferritin may function as an acute phase reactant that mirrors disease activity independently of the metabolism of iron.5 '5 The mononuclear phagocytes of pleural fluid may have reticuloendothelial system activity within the pleural cavity aside from the possible reticuloendothelial like function of the pleural membrane. Of all blood cells, monocytes have the highest concentration of ferritin'6; macrophages were the only cells in pleural fluid in which we detected ferritin immunocytochemically.
Human leucocytes contain different ratios of isoferritins. '' Because our assay measures only the spleen type ferritin, total pleural fluid ferritin concentrations have probably been underestimated.
In patients with cancer and liver metastases both the release of liver cell ferritin and the possibly reduced liver parenchymal cell clearance of ferritin may be responsible for the increased ferritin concentrations in body fluids.' Besides local tissue necrosis, the production of isoferritins by malignant cells may increase the ferritin concentration in pleural fluid. ' Iron released into the pleural cavity even during minor bleeding may also stimulate the local synthesis of ferritin. '8 I V have suggested that the diaphragmatic lymphatic system plays the most important part in the absorption of peritoneal accumulations of fluid. '9 According to the hypothesis presented by Blake et al, free iron and ferritin are implicated in the inflammation of joints in rheumatoid arthritis. 20 High concentrations of ferritin and ferric iron have been found in the synovial fluid of patients with rheumatoid arthritis.5 The phagocytic lining cells of the synovial membrane have many of the features of a reticuloendothelial organ. 2' In rheumatoid arthritis many of the biochemical changes noted in the synovial fluid correspond with those seen in the pleural fluid-for example, decreased concentrations of glucose and complement components (C3 and C4) and increased concentrations of protein and lactate dehydrogenase activity.9 In rheumatic exudates the increased concentration of proteins such as lysozyme, fibronectin, and ferritin-all substances produced by activated mononuclear phagocytes-may reflect saturation and defective function of the reticuloendothelial system in rheumatoid arthritis.22 In fact, the suggestion of Blake et a120 that in men with rheumatoid arthritis the greater iron stores are likely to cause severe complications and maintain the local inflammatory process agrees well with the known fact that rheumatoid pleural effusion is seen mainly in men.
